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Abstract 
Aromaticity, as one of the most fundamental concepts in organic chemistry, has 
attracted constant interest from both experimentalists and theorist. As one of the 
branch of aromatic chemistry, metalla-aromaticity has attracted more and more 
attention in recent years. So far, almost all of the parents analogous of 
metalla-aromatics are aromatic, such as benzene (metallabenzene), benzyne 
(metallabenzyne), pyridine (metallapyridine), and furan (metallafuran) and so on. In 
this dissertation, we synthesize the first aromatic metallapentalynes and 
metallapentalenes, in which their parents analogues, pentalyne and pentalene, are 
anti-aromatic. 
 
In addition, we study the reactivity of metallapentalynes and metallapentalenes, 
leading to a series of unique metalla-aromatics. At the same time, we also investigate 
the spectral properties of these interesting metalla-aromatics. This dissertation was 
divided into the following six chapters: 
In chapter 1, the classifications and the criteria of aromaticity are briefly reviewed. 
In addition, the synthetic methods (via alkynes) and property of metalla-aromatics, the 
reactivity of metal carbynes and metallabenzynes are also summarized concisely. The 
research objectives and plan of this dissertation are presented. 
In chapter 2, the first metallapentalyne was synthesized. In contrast to the 
anti-aromatic pentalyne, the aromaticity in metallapentalyne was confirmed by DFT 
calculation. This finding realized a transformation from the anti-aromaticity in 
pentalyne to aromaticity in metallapentalyne by the introduction of a metal fragment. 
These new metalla-aromatics exhibit unique near-infrared photoluminescence with 
particularly large Stokes shifts, long lifetimes and aggregation-enhanced effect. 
Interestingly, the shift of the triple bond between two five-membered rings was also 





























In chapter 3, the electrophilic and nucleophilic reactions of metallapentalynes 
were investigated. The aromaticity in these products, 16e- and 18e- metallapentalenes, 
were documented by theoretical analyses. In this chapter, we also synthesize a series 
of metal-bridged tricyclic aromatic complexes by the reaction of osmapentalyne with 
arene nucleophiles. The straightforward synthetic strategy could be extended to the 
synthesis of other metal-bridged polycyclic aromatics. 
 
In chapter 4, the [2+2], [2+2+1] and [2+2+2] cycloaddition reactions of 
metallapentalynes with alkynes have been investigated. Treatment of metallapentalyne 
with HC≡CCOOH or HC≡COEt afforded the [2+2] cycloaddition products, in which 
structures contain both a metallapentalene unit and a metallacyclobutadiene unit. This 
is also the first example of [2+2] cycloaddition reaction between a late transition 
metal carbyne with alkynes. In addition, we also synthesized a series of unique 
metalla-aromatics via the [2+2+1] and [2+2+2] cycloaddition reactions of 
metallapentalynes with alkynes. 
 
In chapter 5, the ring expansion reactions of metallapentalene derivative were 
investigated. The metallacyclopropene unit in complex 2-6 was expanded to 
five-membered ring when it reacts with alkyneones or alkynoates. In addition, 
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metallabenzene fused metallapentalene complexes. These studies enrich the chemistry 
of metallapentalynes and metallapentalenes. 
 
In chapter 6, the summary of this dissertation was concluded and the prospect of 









































碳键角的最小记录为 147°)。ii) 反应性方面：虽然金属杂戊搭炔的固体在 120°
空气氛中稳定，但在溶液状态下，其卡拜碳原子、金属中心、金属-碳三键均具
有丰富的反应活性；且在酸性条件下，金属-碳三键可在两个五元环间发生迁移。
iii) 性能方面：金属杂戊搭炔具有近红外聚集诱导发光增强特性且 Stock 位移大
于 300 nm。该成果入选 2013 年度“中国高等学校十大科技进展”。(Nat. Chem., 






反应，得到金属中心为 18 电子的金属杂戊搭烯。理论计算表明，因过渡金属 d
轨道的引入，金属中心 16 电子、18 电子金属杂戊搭烯均具有平面型 Möbius 芳
香性。这与已分离的 Möbius 芳香体系均具有扭曲的拓扑结构截然不同。(Nat. 
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